Abstract Tympanoplasty is the standard and well established procedure for closure of tympanic membrane perforations. Traditionally each ear drum is taken up for grafting sequentially in two different sittings, which leads to huge increase in operation cost, time and discomfort to the patient. Since, simultaneous bilateral tympanic membrane grafting could be quite safe and helpful to the patients, we performed the same in 32 patients with bilateral (64) ear drum perforations due to chronic suppurative otitis media. All patients had a conductive hearing loss corresponding to the size and site of the perforation, without evidence of ossicular chain defect or any other middle or inner ear pathology. The post-aural route was approached for the grafting in 27 ears, endaural in 22 perforations and the remaining 15 small perforations were done via endomeatal approach. All the ears were operated using the Underlay technique. The majority of the grafts were harvested from temporalis fascia (59 grafts), remaining five were obtained from tragal perichondrium. All the patients were subjected to regular follow-up evaluation and audiometry for up to 1 year after the surgery. Six ears showed incomplete recovery with residual perforation, although in two of them the tissue regeneration over next few weeks led to entire shutting down of the defect. Thus, the graft take rate was 93.75 % without any retraction pockets or displaced grafts. We did not encounter any iatrogenic sensorineural hearing loss. Thus the results from our study reinforce the safety of the single-step procedure and question the traditional apprehension regarding theoretical risk of iatrogenic sensorineural hearing loss making the ENT surgeon reluctant to perform this readily acceptable minor surgery in one sitting.
Introduction
Chronic Suppurative Otitis Media (CSOM) is a widely prevalent public health problem presenting with otalgia, discomfort, hearing loss, otorrhea, psychological trauma and tympanic membrane perforations [1] . CSOM is characterized by an inflammatory process of the middle ear often associated with irreversible tissue alterations. It may be further broken down into non-cholesteatomatous chronic otitis media (NCCOM) and cholesteatomatous chronic otitis media (CCOM) according to the absence or presence of a cholesteatoma [1] . Non-cholesteatomatous chronic otitis media (NCCOM) is very common condition in India [2] , with resultant persistent and broad tympanic membrane perforations. The major symptom these patients present is intermittent otorrhea, usually associated to upper airway infections or a past history of extrinsic contamination (swimming in pools or ocean). The otorrhea is typically painless, without giving off foul smell, together with hearing loss. By doing otoscopy one commonly finds a perforation in the pars tensa of the tympanic membrane of varied size and shape, the middle ear mucosa has an almost normal appearance, except for some degrees of hyperemia [2] .
It is imperative to control and treat NCCOM to reduce the auditory sequels and morbidity. NCCOM management involves three equally important and complementary stages: preoperative clinical control (thorough cleansing and drying of the middle and outer ear under antibiotic coverage), surgical treatment (tympanoplasty with middle ear and ossicular chain exploration, and tympanic membrane reconstruction) and post-operative follow up [3] .
The surgical approach for tympanoplasty may be endoaural, transmeatal, post-auricular. The most common grafting techniques are the underlay (medial) and the overlay (lateral). Autologus materials such as temporalis fascia, cartilage or perichondrium are the common choices of grafting material as they are mechanically stable and have necessary acoustic performance for good sound transmission.
Quite often, the disease is bilateral, so is the perforation in the ear drum leading to bilateral conductive hearing loss. Surgery aims at re-establishing sound conduction by obtaining a cavity filled with air and thus restoring the mechanisms that transmit sound, improving hearing and stopping otorrhea. Type 1 tympanoplasty is the most broadly agreed surgical approach to these patients, traditionally performed on each ear in succession. The reluctance to deal with both the sides has been primarily due to a theoretical risk of iatrogenic sensori-neural hearing loss, need of bilateral ear canal gauze packing and chances of graft intake failure. The risk of iatrogenic hearing loss engaged with chronic ear surgery has been found to be variable (1.2-4.5 %), depending upon the pre-morbid conditions like congenital malformations, cholesteatoma or granulating otitis or if concurrent ossiculoplasty was performed [4] [5] [6] .
Material and Methods
The study period spanned from December 2008 to July 20011. During this period, all the patients who presented signs and symptoms suggesting bilateral tympanic membrane perforations due to NCCOM to the outdoor of JK Hospital and LN Medical College, Bhopal were submitted to an assessment protocol based on a structured history taking, specific physical exam (otoscopy and rhinoscopy) and a baseline audiogram. History taking included questions about patients' symptoms, disease onset, period of time spent without otorrhea, number of ear infections per year and if they had undergone previous otologic surgeries. The ears had to be dry for at least 4 months and there ought to be no local nidus of infection in ear, nose or throat along with good eustachian tube patency before selecting the patient for operation.
The Pre-surgical audiometry was performed in each patient, pure tone average was calculate as a mean of the pure tone hearing threshold at following frequencies: 250, 500, 1,000, 2,000, 3,000, 4,000, 6,000 and 8,000 Hz.
Exclusion Criteria
When the otorrhea was present at the time of surgery or within 4 months prior, having nasal allergy, cholesteatoma or other middle ear pathology, congenital anatomical defect, cleft lip or cleft palate.
All the surgeries were performed under local anaesthesia using post-aural regional infiltration with 2 % xylocaine with adrenaline. External auditory canal was infiltrated with 2 % xylocaine with adrenaline. 0.5 ml was infiltrated at 3, 6, 9 and 12 O'clock positions, about 3 mm from annulus. Patient was premedicated half an hour prior with intramuscular atropine injection and sedated by injection promethazine and pentazocin.
In each patient, the ear with larger perforation was selected as the first operation site so as to exclude concomitant pathology like granulation tissue, cholesteatoma or ossicular chain defect and to simultaneously harvest a large graft from ipsilateral temporalis fascia, which could also be used for the contralateral side. Rim of tissue was removed from the perforation edge and undersurface was abraded to de-epithelize and encourage migration as epithelium and mucosal layer. Posterior tympanomeatal flap was elevated and middle ear status was noted (mucosa, ossicular chain mobility, round window, eustachian tube orifice). Grafts were positioned with a underlay technique (graft placed under handle of malleus). During exploration of the first ear, 14 cases showed small anterior margins, where tugging of the graft with anterior meatal wall could also be done. The middle ear cavity and external auditory meatus was packed with gel foam soaked in non-ototoxic fluoroquinolone antibiotic eardrops. After closure of the wound, a small cotton pad was placed over first ear and secured with micropore. Then turning the head of the patient to the opposite side and the surgical team having changed their gloves, the second ear is taken up using a fresh sterile tympanoplasty set.
The post-aural approach was preferred in 27 patients with larger perforation on one (first) side. The large temporal fascia graft harvested from the ipsilateral side in these patients was cut in two halves, one used immediately on the same side and the other half was preserved for opposite ear. In 5 patients with only moderate size perforations, first ear was operated through endaural approach using small temporalis fascia harvested form the same side of operating ear.
On the other (second) side, 17 ears had either moderate size perforation or narrow canal wall, so they were operated through endaural approach. Temporalis fascia graft left over from the first side was used for grafting in these patients. Fifteen ears had small perforation with wide canal wall and perforation in posterior part of tympanic membrane, but not up to the handle of malleus and it was possible to visualize all the borders of the perforation so they were selected for endomeatal approach. Out of these, five ears were operated using tragal perichondrium graft and the rest ten using part of temporalis fascia which are harvested from the opposite side. Table 1 depicts both the technique and the type of graft used for each patient who obtained tympanic membrane perforation closure.
Bilateral mastoid bandage were done in 17 patients, in which opposite side was operated through endaural approach (Fig. 1) . Rest of the patients had normal mastoid bandage on first ear and box dressing on opposite side where endomeatal approach was used.
All patients received single intravenous dose of 3rd generation cephalosporin antibiotic before operation, postop antibiotics were continued orally for about 7 days along with topical nasal decongestants. Pressure dressing was removed on 1st post-op day and the stitches were taken out on 7th post-op day. Antibiotic eardrops were given once a day after stitch removal and continued for 3 weeks. Patients were advised to refrain from cough and straining and avoid wetting their ears till graft was satisfactorily taken up. Regular follow up was carried out on fortnightly basis for 2 months, then at monthly basis for next 3 months. Pure tone audiometry was done in all case preoperatively, at 6 months and 1 year after the operation.
Results
Of the total 32 patients (64 ears) with NCCOM (who underwent bilateral tympanoplasty, 18 (56.25 %) were females; average age of the patients was 29.87 (range 18-56) years. Surgical success, considering tympanic membrane perforation closure could be demonstrated in 60 ears (93.75 %), although two among them had residual perforations which healed slowly in next 2 months. The rest four ears had failure of the graft intake. The success rate of the 1st operative ear was 92.62 % (29/32 operations) and in second operative ear it was 96.87 % (31/32 operations). None of the patients had bilateral failure, so at least one ear was successfully treated in 100 % cases.
Improvement was noted in hearing threshold in 56 (of 60 successful) ears.The baseline hearing thresholds were 26.5 and 24.4 dB (average 25.45 dB) in the first and the contralateral ears respectively. Post-operatively, the average auditory gain was 10.8 dB (11.3 dB in 1st ear and 10.3 dB in second ear). Notably, there was no worsening of hearing threshold even in unsuccessful ears. Air-bone gap was closed to less than 10 dB in 70 % of ears and within 20 dB in 91.6 % of the ears.
Discussion
The studies discussing the outcome of bilateral single stage tympanoplasty are sparse in the literature. Most of the reports pertain to unilateral operations with average success rates of about 60-100 % [3, 7] . Recently, however, there is growing interest in single stage, bilateral myringoplasty all over the world [8, 9] . The old dogma relating adverse outcome of tympanoplasty to the presence of bilateral perforation has been refuted by good surgical success rates observed by many authors [10] [11] [12] [13] . We noticed the scarcity of Indian studies related to bilateral tympanoplasty [13] . Our study highlights the benefits, easy feasibility and successful outcome of bilateral tympanoplasty. Yu et al. [8] performed bilateral same-day surgery using inlay butterfly cartilage myringoplasty in 17 patients without any failure in their cases. They also did not use any postoperative external canal packing, thus avoiding any compromise in immediate post-operative hearing. However, harvesting of cartilage could be expertise dependent and needs to be done separately from both the sides, while we could use temporalis fascia gathered from single side in the other ear too. The use of temporalis fascia has been advocated by other investigators as well with satisfactory results [14] .
Although there may be moderate hearing compromise temporarily in the immediate post-operative period due to the bilateral ear canal packing, however just after only few days, the packing dries up allowing the passage of air and restoration of hearing gradually [9] . We explained this phenomenon to the patients and their attendants during pre and post-op counselling.
Mitchell et al. [15] performed single-stage bilateral myringoplasty in 28 children using fat as a graft material with 91 % success rate. Sakagami et al. [16] used fibrin glue to close the perforation with success rate of 72 % (18/25 cases) in both the ears and 28 % (7/25 cases) in only one ear. Postoperative air-bone gap of less than 20 dB was achieved in 15 cases (60 %) on both sides and in 23 cases (92 %) on one side in their series [16] These results are comparable to our study. Comparison of outcomes of various studies on bilateral tympanoplasty is shown in Table 2 .
Success rate was better in second operative ear (96.86 %) in our cases then first ear (90.62 %) perhaps because of size of perforation was small in second ear. There was no difference in the outcome among male and female patients. Iatrogenic SNHL did not occur in our series. However, few (4 patients) did not show functional improvement in hearing despite good anatomic restoration of the ear drum. Similarly, complete closure of the perforation took a longer time of about 2 months in two patients.
Although these studies highlight the ease, high success rate and patient-friendly outcome of bilateral tympanoplasty, this procedure is not without pitfalls. The patients need to be positioned for long time under local anaesthesia, which could be uncomfortable for some, although the bilateral procedure rarely takes more than 1-2 h in expert hands in uncomplicated cases and if simultaneous mastoidectomy is not needed. There is also a theoretical risk of upper respiratory tract infection in the immediate post-op period leading to simultaneous graft rejection on both the sides, although this possibility is extremely unlikely with the routine post-op use of effective antimicrobials now a days. Bilateral hearing loss due to the temporary mastoid dressings causing physical occlusion is not much of a practical problem provided that the patients and their family members are thoroughly educated and warned beforehand [9] .
Conclusion
The present study successfully illustrated the efficacy and safety of single sitting bilateral tympanoplasty for ear perforation due to chronic suppurative otitis media. Simultaneous tympanoplasty has multiple benefits including reduced operating time, anaesthesia procedures, patient visits for operation and follow ups and significant cutting of the total therapy cost. However, keeping in mind the theoretical risk of iatrogenic sensorineural hearing loss, caution should be exercised in choosing the right candidate for one-stage surgery. The patients with granulation tissue, cholesteatoma or other pathology like need of ossiculoplasty during exploration of the first ear might not be appropriate subjects for simultaneous contralateral surgery.
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